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CROSS REFERENCE TO RELATED APPLICATIONS 

This application claims priority from Provisional Application Ser No. 
60/408,092, filed September 4, 2002, which is incorporated herein by reference in its 
entirety. 

STATEMENT REGARDING FEDERALLY SPONSORED RESEARCH & 
DEVELOPMENT 

The U.S. Government has certain rights in this invention pursuant to Public 
Health Service Grant Nos. AI21747 and AI37549 awarded by the National Institute of 
Health. 

BACKGROUND 

[0001] The present disclosure relates to recombinases and methods of using 
homologous recombination. 

[0002] In the past several years, the genome project has provided knowledge 
that was once thought to be nearly impossible to obtain. Thanks to this endeavor, we 
now have a window into the very code of life. One of the original promises of this 
work was that having the actual sequences of the human genome would enable the 
detection of differences in those sequences that lead to disease or malfunction, and 
may eventually lead to correction of such defects. However, because the genomes of 
higher organisms are both complex and large, their manipulation is not a simple 
matter. 

[0003] While techniques such as cloning site-specific mutations using DNA 
restriction enzymes have been successful for manipulating DNA fragments, such 
techniques are not well-suited for manipulation of large DNA fragments, i.e., 
fragments the size of mammalian genes. One method that has been used to 
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manipulate large DNA fragments is recombination, particularly site-specific 
recombination. Recombination is the exchange of DNA segments along two different 
strands of DNA. In site-specific recombination, DNA strand exchange occurs at a 
specific site, for example, as in the integration of phage lambda into the E. coli 
chromosome and the excision of lambda DNA from it. Site-specific recombination 
involves specific sequences of both the donor and target DNA segments. In the Cre- 
loxP and FLP-FRT systems, for example, recombination involves short (i.e., less than 
about 50 base pairs), inverted repeat sequences. Within these sequences, the 
homology between the DNA sequences is necessary for the recombination event, but 
not sufficient for it. Site-specific recombination requires enzymes or multi-enzyme 
complexes, often called recombinases. In site-specific recombination, recombinases 
generally cannot recombine other pairs of homologous (or nonhomologous) 
sequences, but act specifically on particular DNA sequences. Site-specific 
recombination has been proposed as one method to integrate transfected DNA at 
chromosomal locations having specific recognition sites. Because this approach 
requires the presence of specific target DNA sequence and recombinase combinations, 
its utility for targeting recombination events at a particular chromosomal location is 
limited. 

[0004] Homologous recombination (or general recombination), in contrast, is 
defined as the exchange of homologous segments anywhere along a length of two 
DNA molecules. A feature of homologous recombination is that a recombinase active 
for homologous recombination can often use any pair of homologous sequences as 
substrates, although some types of sequence may be somewhat favored over others. 

[0005] Several recombinases that catalyze homologous pairing and/or strand 
exchange in vitro have been purified and at least partially characterized, including: E. 
coli recA protein, the phage T4 uvsX protein, and the red protein from Ustilago 
maydis. Recombinases, such as the recA protein of E. coli, are proteins that promote 
strand pairing and exchange in such important cellular processes as the SOS repair 
response, DNA repair, and efficient genetic recombination in E. coli. RecA can 
catalyze homologous pairing of a linear duplex DNA and a homologous single strand 
DNA in vitro. 
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[0006] One drawback to the use of previously characterized recombinases 
such as recA is that these proteins are from prokaryotes and simple eukaryotes, and 
may not be applicable to recombination in higher eukaryotes such as mammals. There 
thus remains a need for compositions and methods for gene manipulation using 
homologous recombination that are suitable for use in mammalian hosts. 

BRIEF SUMMARY 

[0007] In one embodiment, a purified Herpes simplex virus recombinase 
comprises an alkaline nuclease and a single stranded DNA binding polypeptide, 
wherein the recombinase has polynucleotide strand exchange activity. 

[0008] In another aspect, a host cell comprises a Herpes simplex virus 
recombinase, wherein the Herpes simplex virus recombinase is expressed from a first 
polynucleotide comprising a Herpes simplex virus- 1 UL12 polynucleotide operatively 
linked to expression control sequences, and a second polynucleotide comprising a 
Herpes simplex virus- 1 ICP8 polynucleotide operatively linked to expression control 
sequences. 

[0009] A method of promoting homologous recombination, comprises 
contacting a purified Herpes simplex virus recombinase; a donor polynucleotide 
comprising a first donor homology region at a first end, a second donor homology 
region at a second end, and an exogenous sequence therebetween; and a target 
polynucleotide comprising a first donor homology region at a first end, a second donor 
homology region at a second end, and an endogenous sequence therebetween; wherein 
contacting is performed under conditions sufficient to promote homologous 
recombination. The herpes simplex virus recombinase comprises an alkaline nuclease 
and a single stranded DNA binding polypeptide and has polynucleotide strand 
exchange activity. 

[0010] In another embodiment, a cloning kit, comprises a Herpes simplex 
virus recombinase, wherein the Herpes simplex virus recombinase comprises an 
alkaline nuclease and a single stranded DNA binding polypeptide, and wherein the 
recombinase has polynucleotide strand exchange activity; and a target polynucleotide 
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comprising a first homology region at a first end, a second homology region at a 
second end, and an endogenous sequence therebetween. 

[001 1] A method of treating a eukaryotic host cell comprises delivering to the 
eukaiyotic host cell a Herpes simplex virus recombinase, wherein the Herpes simplex 
virus recombinase comprises an alkaline nuclease and a single stranded DNA binding 
polypeptide, and wherein the recombinase has polynucleotide strand exchange 
activity; and a donor polynucleotide comprising a first donor homology region at a 
first end, a second donor homology region at a second end, and an exogenous 
sequence therebetween. 

[0012] In another embodiment, a method of obtaining a transgenic non-human 
animal, comprises delivering to an embryonic stem cell or zygote a Herpes simplex 
virus recombinase, wherein the Herpes simplex virus recombinase comprises an 
alkaline nuclease and a single stranded DNA binding polypeptide; and a donor 
polynucleotide comprising a first homology region at a first end, a second homology 
region at a second end, and an exogenous sequence therebetween; wherein the 
exogenous sequence integrates into a genome of the embryonic stem cell or the 
zygote; and producing from the embryonic stem cell or the zygote a transgenic non- 
human animal. 

[0013] A method of treating an organism comprises delivering to the organism 
a composition comprising a Herpes simplex virus recombinase; and a donor 
polynucleotide comprising a first homology region at a first end, a second homology 
region at a second end, and an exogenous sequence therebetween; wherein the Herpes 
simplex virus recombinase comprises an alkaline nuclease and a single stranded DNA 
binding polypeptide, and wherein the recombinase has polynucleotide strand exchange 
activity. 

[0014] In another embodiment, a method of making a modified host cell 
comprises delivering to the host cell a composition comprising a Herpes simplex virus 
recombinase; and a donor polynucleotide comprising a first homology region at a first 
end, a second homology region at a second end, and an exogenous sequence 
therebetween; wherein the Herpes simplex virus recombinase comprises an alkaline 
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nuclease and a single stranded DNA binding polypeptide, and wherein the 
recombinase has polynucleotide strand exchange activity. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0015] Referring now to the drawings wherein like elements are numbered 
alike in several FIGURES: 

[0016] Figure 1 shows a schematic representation of representative joint 
molecule products at different stages of strand exchange. 

[0017] Figure 2 shows the time course of joint molecule formation catalyzed 
byUL12andICP8. 

[0018] Figure 3 is a phosphorimage of the experiment shown in Figure 2. 

[0019] Figure 4 shows an analysis of strand exchange products. 

[0020] Figure 5 shows another analysis of the strand exchange reaction. 

[0021] Figure 6 shows a Southern blot of strand exchange reactions. 

[0022] Figure 7 shows strand exchange and UL12 nuclease activity at different 
conditions of concentration of Mg 2+ , concentration of Na + , and pH. 

[0023] Figure 8 shows a titration of single-stranded DNA and ICP8 in the 
strand exchange assay. 

[0024] Figure 9 shows strand exchange by UL12, UL12 d3 4 0 e, and ICP8 using 
standard and preresected double stranded substrates. A photograph of the ethidium 
bromide-stained gel is shown. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

[0025] It has been unexpectedly discovered herein that the Herpes simplex 
virus type 1 (HSV-1) alkaline nuclease (encoded by the UL12 gene and hereinafter 
referred to as "UL12") and the HSV-1 single-strand DNA binding polypeptide 
(encoded by the ICP 8 gene and hereinafter referred to as "ICP8"; also known in the 
art as UL29) work together to effect DNA strand exchange. This synergistic activity 
of UL12 and ICP8 will hereinafter be referred to as the "HSV-1 recombinase". As 
used herein, HS V recombinase refers to a recombinase from a herpes virus, or related 
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mammalian virus, comprising an alkaline nuclease and a single stranded DNA binding 
polypeptide. 

[0026] HSV-1 is a double-stranded DNA virus with a 152 kilobase (kb) linear 
genome. Replication of HSV-1 DNA takes place in the host nucleus. The first step of 
viral replication involves the circularization of the genome. Shortly thereafter, 
replication intermediates appear as longer than unit length head-to-tail concatemers 
that have undergone genomic inversion. The genome concatemers are not linear, but 
rather consist of a mixture of complex structures such as Y- and X-shaped branches, 
replication bubbles, and tangled masses. The presence of these structures, and the 
inversion of the unique long (L) and unique short (S) genome segments, suggest that 
recombination plays a role in the replication of HSV-1 DNA. In fact, high levels of 
recombination are known to accompany HS V infection. While cellular recombinases 
may be involved in mediating some of these processes, the possibility has existed that 
HSV-1 encodes recombinases that can also participate. 

[0027] Computer database searches revealed that the HSV-1 alkaline nuclease, 
encoded by the UL12 gene, shares homology with bacteriophage lambda Reda. The 
Reda protein is a 5 'to 3' exonuclease required for recombination by bacteriophage 
lambda. This enzyme operates in conjunction with a single-strand DNA binding 
protein, lambda Redp, which promotes single-strand DNA annealing. The lambda 
Red recombinase is functionally similar to E.coli RecE/RecT. These proteins are a 
paradigm for a class of recombinases that employ a strand-annealing protein and an 
exonuclease and do not require a high-energy cofactor. The model for recombination 
mediated by these proteins proposes that the exonuclease degrades DNA from a 
double-stranded (ds) end in the 5' to 3' direction, exposing a 3' single-stranded (ss) 
tail. This tail is bound by the single-strand DNA binding protein, which assembles a 
nucleoprotein filament that mediates annealing to a complementary single stranded 
DNA sequence. 

[0028] Analogous to the interaction of lambda Reda and the single-strand 
DNA binding protein (SSB) lambda Redp, UL12 interacts with the single-strand 
binding protein (SSB) of HSV-1, ICP8. Furthermore, ICP8 possesses strand-melting 
and strand annealing activities, and has been reported to mediate limited strand 
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exchange. It has been demonstrated herein that, similar to Reda and Redp, UL12 and 
ICP8 together mediate strand exchange. 

[0029] In one embodiment, the invention includes a purified or isolated HSV 
recombinase, wherein the HSV recombinase comprises an alkaline nuclease and a 
single-stranded DNA binding polypeptide. The HSV recombinase is one that is active 
for polynucleotide strand exchange. The recombinase can be that from HSV-1 or can 
be comparable polypeptides from another Herpes virus or related virus such as, for 
example, Epstein-Barr virus, Cytomegalovirus, Varicella Voster virus, Human Herpes 
virus-6, Human Herpes virus-7, Human Herpes virus-8, Kaposi Sarcoma herpes virus 
and the like, and combinations comprising one or more of the foregoing viruses. 

[0030] As used herein, a "purified" polypeptide, includes peptides 
substantially free of cellular material or other contaminating proteins from the cell or 
tissue source from which the protein is derived, or substantially free of chemical 
precursors or other chemicals when chemically synthesized. The language 
"substantially free of cellular material" includes preparations of polypeptide in which 
the polypeptide is separated from cellular components of the cells from which it is 
isolated or recombinantly produced. Thus, polypeptide that is substantially free of 
cellular material includes preparations of polypeptide having less than about 50%, 
40%, 30%, 20%, 10%, or 5% (by dry weight) of heterologous protein (also referred to 
herein as a "contaminating protein"). When the polypeptide is recombinantly 
produced, it is also preferably substantially free of culture medium, i.e., culture 
medium represents less than about 80%, 60%, 50%, 40%, 30%, 20%, 10%, or 5% of 
the volume of the polypeptide preparation. A purified polypeptide can be a cell 
fraction which is substantially free of nucleic acids and/or cellular membrane 
fractions. When the polypeptide is produced by chemical synthesis, it is preferably 
substantially free of chemical precursors or other chemicals, i.e., it is separated from 
chemical precursors or other chemicals which are involved in the synthesis of the 
protein. Accordingly such preparations of the protein have less than about 30%, 20%, 
10%, 5% (by dry weight) of chemical precursors or compounds other than the 
polypeptide of interest. 
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[0031] An "isolated" protein is one that is not expressed from the viral 
genome in which the protein is found in nature. The term isolated encompasses 
protein preparations in which the protein is expressed from an expression vector. As 
such, an isolated HS V recombinase can be in a cell so long as the recombinase in the 
cell is expressed from an expression vector and not from the virus genome. For 
example, an HS V recombinase expressed from a baculovirus vector in an insect cell is 
considered to be an isolated HSV recombinase. 

[0032] The recombinase can comprise the HSV-1 UL12 (nucleotide sequence 
SEQ ID NO:l; polypeptide sequence SEQ ID NO:2, Accession number NC 001806.1) 
and ICP8 polypeptides (nucleotide sequence SEQ ID NO:3; polypeptide sequence 
SEQ ID NO:4, Accession number M20165). An HSV recombinase includes an 
alkaline nuclease homologous to HSV-1 UL12 and a single-stranded DNA binding 
polypeptide homologous to HSV-1 ICP8, so long as the alkaline nuclease and single 
stranded DNA binding polypeptide together have polynucleotide strand exchange 
activity. "Homolog" is a generic term used in the art to indicate a polynucleotide or 
polypeptide sequence possessing a high degree of sequence relatedness to a subject 
sequence. Such relatedness may be quantified by determining the degree of identity 
and/or similarity between the sequences being compared. Falling within this generic 
term are the terms "ortholog", meaning a polynucleotide or polypeptide that is the 
functional equivalent of a polynucleotide or polypeptide in another species, and 
"paralog" meaning a functionally similar sequence when considered within the same 
species. Paralogs present in the same species or orthologs of the UL12 and ICP8 
genes in other species can readily be identified without undue experimentation, by 
molecular biological techniques well known in the art. As used herein, UL12 refers to 
HSV-1 UL12 as well as its homologs and orthologs. Similarly, ICP8 refers to HSV-1 
ICP8 as well as its homologs and orthologs. 

[0033] As used herein, "percent homology" of two amino acid sequences or of 
two nucleic acids is determined using the algorithm of Karlin and Altschul (1990) 
Proc. Natl. Acad. Sci., U.S.A. 87: 2264-2268. Such an algorithm is incorporated into 
the NBLAST and XBLAST programs of Altschul et al. (1990) J. Mol Biol 215: 403- 
410. BLAST nucleotide searches are performed with the NBLAST program, 
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score=100, wordlength 12, to obtain nucleotide sequences homologous to a nucleic 
acid molecule of the invention. BLAST protein searches are performed with the 
XBLAST program, score=50, wordlength=3, to obtain amino acid sequences 
homologous to a reference polypeptide (e.g., SEQ ID NO:2). To obtain gapped 
alignments for comparison purposes, Gapped BLAST is utilized as described in 
Altschul et al. (1997) Nucleic Acids Res. 25: 3389-3402. When utilizing BLAST and 
Gapped BLAST programs, the default parameters are typically used. (See 
http://www.ncbi.nlm.nih.gov) 

[0034] The HSV recombinase includes polynucleotides that encode the UL12 
and ICP8 polypeptides or full-length protein that contain substitutions, insertions, or 
deletions into the polypeptide backbone. Related polypeptides are aligned with UL12 
and ICP8 by assigning degrees of homology to various deletions, substitutions and 
other modifications. Homology can be determined along the entire polypeptide or 
polynucleotide, or along subsets of contiguous residues. The percent identity is the 
percentage of amino acids or nucleotides that are identical when the two sequences are 
compared. The percent similarity is the percentage of amino acids or nucleotides that 
are chemically similar when the two sequences are compared. UL12 or ICP8 and 
homologous polypeptides are preferably greater than or equal to about 75%, 
preferably greater than or equal to about 80%, more preferably greater than or equal to 
about 90% or most preferably greater than or equal to about 95% identical. 

[0035] In the case of polypeptide sequences that are less than 100% identical 
to a reference sequence, the non-identical positions are preferably, but not necessarily, 
conservative substitutions for the reference sequence. Conservative substitutions 
typically include substitutions within the following groups: glycine and alanine; 
valine, isoleucine, and leucine; aspartic acid and glutamic acid; asparagine and 
glutamine; serine and threonine; lysine and arginine; and phenylalanine and tyrosine. 

[0036] Where a particular polypeptide is said to have a specific percent 
identity to a reference polypeptide of a defined length, the percent identity is relative 
to the reference peptide. Thus, a peptide that is 50% identical to a reference 
polypeptide that is 100 amino acids long can be a 50 amino acid polypeptide that is 
completely identical to a 50 amino acid long portion of the reference polypeptide. It 
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might also be a 100 amino acid long polypeptide that is 50% identical to the reference 
polypeptide over its entire length. Of course, many other polypeptides will meet the 
same criteria. 

[0037] Reference herein to either the nucleotide or amino acid sequence of 
UL12 and ICP8 also includes reference to naturally occurring variants of these 
sequences. Nonnaturally occurring variants that differ from SEQ ID NOs:2 and 4 and 
retain biological function are also included herein. Preferably the variants comprise 
those polypeptides having conservative amino acid changes, i.e., changes of similarly 
charged or uncharged amino acids. Genetically encoded amino acids are generally 
divided into four families: (1) acidic (aspartate, glutamate); (2) basic (lysine, arginine, 
histidine); (3) non-polar (alanine, valine, leucine, isoleucine, proline, phenylalanine, 
methionine, tryptophan); and (4) uncharged polar (glycine, asparagine, glutamine, 
cystine, serine, threonine, tyrosine). Phenylalanine, tryptophan, and tyrosine are 
sometimes classified jointly as aromatic amino acids. As each member of a family 
has similar physical and chemical properties as the other members of the same family, 
it is reasonable to expect that an isolated replacement of a leucine with an isoleucine 
or valine, an aspartate with a glutamate, a threonine with a serine, or a similar 
replacement of an amino acid with a structurally related amino acid will not have a 
major effect on the binding properties of the resulting molecule. Whether an amino 
acid change results in a functional polypeptide can readily be determined by assaying 
the properties of the UL12 and ICP8 polypeptide derivatives. 

[0038] Reference to UL12 or ICP8 also refers to polypeptide derivatives of 
UL12 and ICP8. As used herein, "polypeptide derivatives" include those polypeptides 
differing in length from a naturally-occurring UL12 and ICP8 and comprising about 
five or more amino acids in the same primary order as is found in UL12 and ICP8. 
Polypeptides having substantially the same amino acid sequence as UL12 and ICP8 
but possessing minor amino acid substitutions that do not substantially affect the 
ability of UL12 and ICP8 polypeptide derivatives to interact with UL12- and ICP8- 
specific molecules, respectively, such as antibodies, are within the definition of UL12 
and ICP8 polypeptide derivatives. Polypeptide derivatives also include glycosylated 
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forms, aggregative conjugates with other molecules and covalent conjugates with 
unrelated chemical moieties. 

[0039] The UL12 and ICP8 polypeptides or their homologs can be expressed 
in a suitable in vitro overexpression system, purified, and mixed to form an active 
recombinase. Alternatively, the UL12 and ICP8 genes or their homologs can be 
expressed in vectors suitable for in vivo expression such as, for example, viral 
expression systems. In this case, the active recombinase would be formed when the 
two proteins are expressed in vivo. In yet another alternative, one of UL12 and ICP8 
can be purified and the other expressed from a vector suitable for its expression in 
vivo. 

[0040] The UL12 and ICP8 polynucleotides can be inserted into a recombinant 
expression vector or vectors. The term "recombinant expression vector" refers to a 
plasmid, virus, or other means known in the art that has been manipulated by insertion 
or incorporation of the UL12 or ICP8 genetic sequence. The term "plasmids" 
generally is designated herein by a lower case p preceded and/or followed by capital 
letters and/or numbers, in accordance with standard naming conventions that are 
familiar to those of skill in the art. Plasmids disclosed herein are either commercially 
available, publicly available on an unrestricted basis, or can be constructed from 
available plasmids by routine application of well-known, published procedures. Many 
plasmids and other cloning and expression vectors are well known and readily 
available, or those of ordinary skill in the art may readily construct any number of 
other plasmids suitable for use. These vectors may be transformed into a suitable host 
cell to form a host cell vector system for the production of a polypeptide. 

[0041] The UL12 and ICP8 polynucleotides can be inserted into a vector 
adapted for expression in a bacterial, yeast, insect, amphibian, or mammalian cell that 
further comprises the regulatory elements necessary for expression of the nucleic acid 
molecule in the bacterial, yeast, insect, amphibian, or mammalian cell operatively 
linked to the nucleic acid molecule encoding UL12 or ICP8. "Operatively linked" 
refers to a juxtaposition wherein the components so described are in a relationship 
permitting them to function in their intended manner. An expression control sequence 
operatively linked to a coding sequence is ligated such that expression of the coding 
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sequence is achieved under conditions compatible with the expression control 
sequences. As used herein, the term "expression control sequences" refers to nucleic 
acid sequences that regulate the expression of a nucleic acid sequence to which it is 
operatively linked. Expression control sequences are operatively linked to a nucleic 
acid sequence when the expression control sequences control and regulate the 
transcription and, as appropriate, translation of the nucleic acid sequence. Thus, 
expression control sequences can include appropriate promoters, enhancers, 
transcription terminators, a start codon (i.e., atg) in front of a protein-encoding gene, 
splicing signals for introns (if introns are present), maintenance of the correct reading 
frame of that gene to permit proper translation of the mRNA, and stop codons. The 
term "control sequences" is intended to include, at a minimum, components whose 
presence can influence expression, and can also include additional components whose 
presence is advantageous, for example, leader sequences and fusion partner 
sequences. Expression control sequences can include a promoter. By "promoter" is 
meant minimal sequence sufficient to direct transcription. Also included are those 
promoter elements which are sufficient to render promoter-dependent gene expression 
controllable for cell-type specific, tissue-specific, or inducible by external signals or 
agents; such elements may be located in the 5' or 3 f regions of the gene. Both 
constitutive and inducible promoters are included (see e.g., Bitter et al. (1987) 
Methods in Enzymology 153: 516-544). 

[0042] Suitable vectors for insect cell lines (i.e., SF9 and SF21 cells) include 
baculovirus vectors. Human cells are preferred mammalian cells. 

[0043] Transformation of a host cell with an expression vector or other DNA 
may be carried out by conventional techniques as are well known to those skilled in 
the art. By "transformation" is meant a permanent or transient genetic change induced 
in a cell following incorporation of new DNA (i.e., DNA exogenous to the cell). 
Where the cell is a mammalian cell, a permanent genetic change is generally achieved 
by introduction of the DNA into the genome of the cell. By "transformed cell" or 
"host cell" is meant a cell (e.g., prokaryotic or eukaryotic) into which (or into an 
ancestor of which) has been introduced, by means of recombinant DNA techniques, a 
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DNA molecule encoding a polypeptide of the invention (i.e., a UL12 and/or ICP8 
polypeptide), or fragment thereof. 

[0044] When the host is a eukaryote, such methods of transfection with DNA 
include calcium phosphate co-precipitates, mechanical procedures such as 
microinjection, electroporation, insertion of a plasmid encased in liposomes, or virus 
vectors, as well as others known in the art, may be used. Eukaryotic cells can also be 
cotransfected with DNA sequences encoding a polypeptide of this disclosure, and a 
second foreign DNA molecule encoding a selectable phenotype, such as the herpes 
simplex thymidine kinase gene. Suitable markers include, for example, neomycin and 
hygromycin, and the like, that can be taken up by mammalian cells. Resistance to the 
marker can be conferred by the neomycin gene or the hygromycin gene, for example, 
when the gene has a suitable eukaryotic promoter. Another method is to use a 
eukaryotic viral vector, such as simian virus 40 (SV40), adenovirus, or bovine 
papilloma virus, to transiently infect or transform eukaryotic cells and express the 
protein. {Eukaryotic Viral Vectors, Cold Spring Harbor Laboratory, Gluzman ed., 
1982). Preferably, a eukaryotic host is utilized as the host cell as described herein. 
The eukaryotic cell may be a yeast cell (e.g., Saccharomyces cerevisiae) or may be a 
mammalian cell, including a human cell. 

[0045] Mammalian cell systems that utilize recombinant viruses or viral 
elements to direct expression may be engineered. For example, when using adenovirus 
expression vectors, the nucleic acid sequences encoding a foreign protein may be 
ligated to an adenovirus transcription/translation control complex, e.g., the late 
promoter and tripartite leader sequence. This chimeric gene may then be inserted in 
the adenovirus genome by in vitro or in vivo recombination. Insertion in a non- 
essential region of the viral genome will result in a recombinant virus that is viable 
and capable of expressing the UL12 or ICP8 polypeptide in infected hosts (e.g., Logan 
& Shenk (1984) Proc. Natl. Acad. Sci. U.S.A. 81:3655-3659). 

[0046] For long-term, high-yield production of recombinant polypeptides, 
stable expression is preferred. Rather than using expression vectors that contain viral 
origins of replication, host cells can be transformed with the cDNA encoding a UL12 
or ICP8 fusion polypeptide controlled by appropriate expression control elements 
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(e.g., promoter sequences, enhancer sequences, transcription terminators, 
polyadenylation sites, etc.), and a selectable marker. The selectable marker in the 
recombinant plasmid confers resistance to the selection and allows cells to stably 
integrate the plasmid into their chromosomes and grow to form foci, which in turn can 
be cloned and expanded into cell lines. For example, following the introduction of 
foreign DNA, engineered cells may be allowed to grow for 1 to 2 days in an enriched 
media, and then switched to a selective media. A number of selection systems may be 
used, including but not limited to the herpes simplex virus thymidine kinase (Wigler 
et al (1977) Cell 11: 233), hypoxanthine-guanine phosphoribosyltransferase 
(Szybalska & Szybalski (1962) Proc. Natl Sci. U.S.A. 48: 2026), and adenine 
phosphoribosyltransferase (Lowy et al. (1980) Cell 22: 817) genes can be employed in 
tk, hgprt or aprt cells respectively. An alternative selection system is G41 8 resistance 
using geneticin. 

[0047] The UL12 and ICP8 polypeptides can also be designed to provide 
additional sequences, such as, for example, the addition of coding sequences for added 
C-terminal or N-terminal amino acids that would facilitate purification by trapping on 
columns or use of antibodies. Such tags include, for example, histidine-rich tags that 
allow purification of polypeptides on Nickel columns. Such gene modification 
techniques and suitable additional sequences are well known in the molecular biology 
arts. 

[0048] UL12 and ICP8 proteins, polypeptides, or polypeptide derivatives can 
be purified by methods known in the art. These methods include, but are not limited 
to, size exclusion chromatography, ammonium sulfate fractionation, ion exchange 
chromatography, affinity chromatography, crystallization, electrofocusing, preparative 
gel electrophoresis, and combinations comprising one or more of the foregoing 
methods. Preferably, purification is according to methods known to those of skill in 
the art that will result in a preparation of UL12 or ICP8 substantially free from other 
polypeptides and from carbohydrates, lipids, or subcellular organelles. A preparation 
of isolated and purified UL12 or ICP8 is about 50% to about 99.9% pure, with greater 
than or equal to about 80%, preferred, greater than or equal to about 85% purity more 
preferred, greater than or equal to about 90% purity more preferred, and greater than 
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or equal to about 95% especially preferred. Purity may be assessed by means known 
in the art, such as SDS-polyacrylamide gel electrophoresis. 

[0049] In an active recombinase, UL12 and ICP8 or their homologs are 
present in a ratio sufficient to promote strand exchange reactions in DNA. UL12 and 
ICP8 can be present in a ratio of about 1:500, preferably about 1 :250, more preferably 
about 1 : 125. In certain circumstances, UL12 and ICP8 can be present at a ratio of 
about 1:1. 

[0050] The invention also includes methods of use of the HSV recombinase. 
In one embodiment, the invention includes methods of cloning and gene transfer. 
Such methods can be performed in vitro or in a host cell. The method comprises 
contacting an HSV recombinase, a donor polynucleotide, and a target polynucleotide 
under conditions sufficient to promote homologous recombination. 

[0051] When an in vitro system is used, the appropriate buffers and reagents 
for the cloning and gene transfer reactions can be added. Such buffers and reagents 
are those sufficient to promote homologous recombination. Buffers include, for 
example, Tris, Hepes, and glycine. Buffers are used to maintain the pH at a suitable 
range for HSV recombinase activity. A suitable pH range is, for example, 6.0 to 9.5, 
preferably 7.5 to 9.0. Additional reagents can also be added. Salts of monovalent and 
divalent metals such as, for example, sodium chloride, magnesium chloride, 
manganese chloride, and combinations comprising one or more of the foregoing salts 
can be added. Also, dithiothretol (DTT), beta-mercaptoethanol and other reagents 
known to stabilize the activity of proteins and enzymes may be added. 

[0052] When used, the host cell is of a type suitable for expression of an HSV 
recombinase. The host cell can comprise, for example, an insect cell, an amphibian 
cell, or a mammalian cell. Suitable mammalian cells, for example, comprise cells 
from mouse, human, monkey, and the like. Suitable mammalian cell lines include, for 
example, CHO, VERO, BHK, HeLa, COS, Md.CK, 293, 3T3, W138 cells, and the 
like. 

[0053] The HSV recombinase can be introduced into the in vitro system or 
host cell by many methods. One or more components of the HSV recombinase can be 
delivered, for example, as purified polypeptides. If introduced as purified 
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polypeptides, an HS V alkaline nuclease and/or single-stranded DNA binding 
polypeptide can be purified by methods as described previously herein. If a host cell 
is used, entry of the purified polypeptides into a host cell can be mediated, for 
example, by a liposmal delivery method. 

[0054] Alternatively, if a host cell is used, an HSV alkaline nuclease and/or 
single-stranded DNA binding polypeptide can be constitutively or inducibly expressed 
in the host cell using a DNA vector suitable for the polypeptide expression in the 
particular host cell. If the host cell is an SF9 cell, for example, the DNA vector can be 
a baculovirus vector. If the host cell is a mammalian cell, the DNA vector can be a 
vaccinia virus vector, an adenovirus vector, or the like. Expression of the HSV 
recombinase in the host cell can be constitutive or inducible (i.e., regulated by a 
second nucleic acid sequence). Promoters and enhancers (i.e., DNA sequences that 
regulate protein expression) are known in the art. Promoters that can be used to 
regulate HSV recombinase expression include, for example, the S V40 early promoter 
region, the cytomegalovirus promoter, the Moloney leukemia virus promoter, the 
promoter in the 3' long terminal repeat of the Rous sarcoma virus, the herpes 
thymidine kinase promoter, the regulatory sequences of the metallothionein gene, and 
the like. In addition, polynucleotides encoding the alkaline nuclease and the single 
stranded DNA binding protein can be present on the same or different vectors. 

[0055] Expression vectors comprising the HSV recombinase can be 
transfected into a host cell by means known in the art. Such methods include, for 
example, electroporation, microinjection, complexing the DNA with a lipid layer as in 
PNAS (1987) 84: 7413, in a dendrimer as in Bioconjugate Chem (1993) 4: 85-93, and 
the like. 

[0056] The donor polynucleotide comprises a first donor homology region at a 
first end, a second donor homology region at a second end, and an exogenous 
sequence therebetween. The donor polynucleotide may be prepared by, for example, 
chemical synthesis of oligonucleotides; nick-translation of a double-stranded DNA 
template; the polymerase chain reaction; a cloning vector harboring a polynucleotide 
of interest (i.e. a cloned cDNA, genomic DNA, or portion thereof) such as plasmids, 
cosmids, phagemids, yeast artificial chromosomes (YACs); bacteriophage DNA; other 
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viral DNA; replication intermediates; restriction fragments comprising at least one of 
the foregoing polynucleotides; as well as other sources of polynucleotides having a 
desired nucleotide sequence. The donor polynucleotide can be double-stranded or 
single-stranded, preferably comprising two complementary single-stranded DNAs. 

[0057] The donor polynucleotide can comprise greater than or equal to about 
10 nucleotides, preferably greater than or equal to about 100 nucleotides, and more 
preferably greater than or equal to about 250 nucleotides. The donor polynucleotide 
can comprise less than or equal to about 400,000 nucleotides, preferably less than or 
equal to about 50,000 nucleotides, preferably less than or equal to about 20,000 
nucleotides, preferably less than or equal to about 10,000 nucleotides, and most 
preferably less than or equal to about 2,000 nucleotides. 

[0058] The donor polynucleotide comprises a first donor homology region at a 
first end and a second donor homology region at a second end. The first and second 
donor homology regions enable the formation of a heteroduplex joint during the 
process of homologous recombination. The length of the first and second donor 
homology regions can be selected on the basis of the sequence homology and 
complexity of the donor polynucleotide and the target polynucleotide. The first and 
second donor homology regions can comprise greater than or equal to about 15 
nucleotides, preferably greater than or equal to about 25 nucleotides, and more 
preferably greater than or equal to about 100 nucleotides. The first and second donor 
homology regions can comprise less than or equal to about 2,000 nucleotides, 
preferably less than or equal to about 1,000 nucleotides, and more preferably less than 
or equal to about 500 nucleotides. 

[0059] The donor polynucleotide also comprises an exogenous sequence 
between the first and second donor homology regions. The exogenous sequence 
comprises the sequence to be inserted into the target polynucleotide during a 
homologous recombination event. The exogenous sequence can comprise, for 
example, a gene, a fragment of a gene, a cDNA, a genomic DNA, and the like. The 
exogenous sequence can comprise a sequence that is not present in the target 
polynucleotide. Alternatively, the exogenous sequence can comprise a sequence with 
a single nucleotide mismatch as compared to the target polynucleotide, a sequence 
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with several mismatches, or may span up to several kilobases of nonhomologous 
sequence. Nonhomologous portions in the exogenous sequence as compared to the 
target polynucleotide can be used to make insertion, deletions, substitutions (single or 
multiple), and or replacements in the target DNA. 

[0060] When the method is performed in a host cell, the donor polynucleotide 
can be transfected into the cell by means known in the art. Such means include, for 
example, electroporation, microinjection, complexing the DNA with a lipid layer, in a 
dendrimer, and the like. 

[0061] The target polynucleotide comprises a first target homology region at a 
first end, a second target homology region at a second end, and an endogenous 
sequence therebetween. The target polynucleotide may be prepared by, for example, 
chemical synthesis of oligonucleotides, nick-translation of a double-stranded DNA 
template; the polymerase chain reaction; and the like. The target polynucleotide may 
comprise a chromosome; a cloning vector harboring a polynucleotide of interest (i.e. a 
cloned cDNA, genomic DNA, or portion thereof) such as plasmids, cosmids, 
phagemids, yeast artificial chromosomes (YACs); bacteriophage DNA; other viral 
DNA; replication intermediates; restriction fragments comprising at least one of the 
foregoing polynucleotides; as well as other sources of polynucleotides having a 
desired nucleotide sequence. The target polynucleotide can be double-stranded or 
single-stranded, preferably comprising two complementary single-stranded DNAs. 

[0062] The target polynucleotide can comprise greater than or equal to about 
10 nucleotides, preferably greater than or equal to about 100 nucleotides, and more 
preferably greater than or equal to about 250 nucleotides. The target polynucleotide 
can comprise less than or equal to about 400,000 nucleotides, preferably less than or 
equal to about 50,000 nucleotides, preferably less than or equal to about 20,000 
nucleotides, preferably less than or equal to about 10,000 nucleotides and most 
preferably less than or equal to about 2,000 nucleotides. In some cases, the target 
polynucleotide may comprise an entire chromosome. 

[0063] The target polynucleotide comprises a first target homology region at a 
first end and a second target homology region at a second end. The length of the first 
and second target homology regions can be selected on the basis of the sequence 
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homology and complexity of the donor polynucleotide and the target polynucleotide. 
The first and second target homology regions can comprise greater than or equal to 
about 15 nucleotides, preferably greater than or equal to about 25 nucleotides, and 
more preferably greater than or equal to about 100 nucleotides. The first and second 
target homology regions can comprise less than or equal to about 2,000 nucleotides, 
preferably less than or equal to about 1,000 nucleotides, and more preferably less than 
or equal to about 500 nucleotides. 

[0064] The first donor homology region and the first target homology region 
can be substantially homologous. Similarly, the second donor homology region and 
the second target homology region can be substantially homologous. By substantially 
homologous, it is meant that the sequences have greater than or equal to about 70% 
sequence identity or complementarity, preferably greater than or equal to about 85% 
sequence identity or complementarity, and more preferably greater than or equal to 
about 90% sequence identity or complementarity. The substantial homology of the 
homology regions can facilitate heteroduplex formation during homologous 
recombination. 

[0065] The target DNA comprises an endogenous sequence. The endogenous 
sequence is the sequence to be replaced during homologous recombination. The 
endogenous sequence can be homologous to the exogenous sequence or can be a 
nonhomologous sequence. The endogenous sequence can, for example, be a 
polylinker region. Alternatively, the endogenous sequence can comprise a gene of 
interest. The endogenous sequence can also comprise regulatory sequences for gene 
transcription and translation. 

[0066] When the cloning method is performed in a host cell, the target 
polynucleotide can be transfected into the cell by means known in the art. Such 
means include, for example, electroporation, microinjection, complexing the DNA 
with a lipid layer, in a dendrimer, and the like. 

[0067] In another embodiment, kits that facilitate the use of homologous 
recombination for use in cloning and subcloning are provided. The kits comprises an 
HSV recombinase; a target polynucleotide useful for cloning, the target 
polynucleotide comprising a first target homology region at a first end, a second target 
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homology region at a second end, and an endogenous sequence therebetween as 
described above. The HSV recombinase can comprise purified alkaline nuclease and 
single stranded DNA binding polypeptide, vectors suitable for the expression of the 
HSV alkaline nuclease and single stranded DNA binding protein, or a combination of 
purified proteins and expression vectors. The homologous recombination reaction can 
be performed in vitro. Alternatively, a host cell suitable for homologous 
recombination can be provided. The host cell can further comprise expression 
vector(s) for the production of an HSV alkaline nuclease and/or single-stranded DNA 
binding protein. 

[0068] In another embodiment, the HSV recombinase can be used in methods 
of treating cells and organisms such as, for example, somatic gene therapy 
applications. Somatic gene therapy can be defined as the ability to program the 
expression of foreign genes in non-germ line (i.e., non-sperm and egg) cells of an 
animal or human. 

[0069] Methods of gene therapy can be divided into two categories: ex vivo 
and in vivo. Ex vivo gene therapy involves the removal of cells from a host organism, 
introduction of a foreign gene into those cells in the laboratory, and reimplantation or 
transplantation of the genetically modified cells back into a recipient host. In 
contrast, in vivo gene therapy involves the introduction of a foreign gene directly into 
cells of a recipient host without the need for prior removal of those cells from the 
organism. In vivo gene therapy can make use of infectious vectors such as retroviral 
vectors that include the HSV recombinase. 

[0070] There are a number of requirements that should be met by a method of 
gene therapy before it can be considered potentially useful for human therapeutics. 
First, one should develop an efficient method for introducing the foreign gene into the 
appropriate host cell. Secondly, it would be preferable to develop systems that 
program expression of the gene only in the appropriate host cell type, thus preventing 
expression of the foreign gene in an inappropriate cell. Finally, and most importantly 
when considering human gene therapy, the technique should have a minimal risk of 
mutating the host cells and of causing a persistent infection of the host organism, a 
particularly important worry when using virus vectors to introduce foreign genes into 
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host cells. Somatic gene therapy is described in detail in Ledley, F., (1991) Human 
Gene Therapy 2: 77-83, and Ledley, F., (1996) Pharmaceutical Research 13: 1595- 
1613. 

[0071] Gene therapy can, for example, be used to correct defects associated 
with human diseases of genetic origin including, for example, diabetes mellitus, cystic 
fibrosis, thalassaemias, sickle cell anemia, Franconi's anemia, retinitis pigmentosa, 
Xeroderma pigmentosa, Duchenne's muscular dystrophy, Tay-Sach's disease, and the 
like. Gene therapy can also be used to alter the DNA sequences of cells with other 
genetic defects such as cancer. The method can be used for a gene where the normal 
DNA sequence is known or where a normal, wild-type DNA fragment is available to 
provide functional DNA sequences. Other DNAs may be used so as to produce an 
alteration in cellular DNA with an associated change in the gene function. 

[0072] Sickle cell anemia is an example of a disease that can be targeted by 
gene therapy. Classical sickle cell anemia afflicts as many as 1 in 64 black people in 
Africa and from 1 in 200 to 1 in 400 black people in the United States. The disease is 
caused by an A to T transversion in the sixth codon of the human beta-globin gene 
resulting in a Glu to Val substitution in the protein. Phenotypically, there is a 
polymerization of the hemoglobin that results in many pathologies that ultimately lead 
to death of the individual. Numerous therapies lead to amelioration of the effects of 
the mutation, however, sickle cell anemia would be a good candidate for gene therapy. 

[0073] Diabetes mellitus is a chronic disease causing kidney failure, heart 
disease, stroke and blindness. In diabetes mellitus, the pancreas no longer produces 
enough insulin or cells stop responding to the insulin produced such that glucose 
cannot be absorbed by the cells of the body. Standard treatments include dietary 
changes, oral medications, and daily injections of insulin. Genetically modified 
pancreatic beta cells could be used to treat diabetes patients. 

[0074] Gene therapy can also be used in the treatment of infectious disease. 
The exogenous sequence that is added can contain mutations that inactivate a 
pathogen by introducing mutant sequences into essential genes of the genome of the 
pathogen. Retroviral pathogens such as HIV are candidates for gene therapy using 
homologous recombination. These viruses rely on the integration of the pro viral DNA 
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into the cellular genome as a part of their replicative cycle. The proviral DNA thus 
can be a target for the added exogenous DNA. At least one exogenous DNA with an 
inactivating mutation in an essential viral gene can be used to disrupt the integrity of 
the viral genome and the ability of the virus to replicate. 

[0075] The method of gene therapy comprises delivering into a eukaryotic 
host cell an HS V recombinase and a donor polynucleotide as described above for the 
gene cloning method. The eukaryotic host cell can comprise the target 
polynucleotide. Alternatively, the target polynucleotide can also be delivered to the 
eukaryotic host cell. Gene therapy can be either in vivo or ex vivo. 

[0076] The HS V recombinase (an HSV alkaline nuclease and/or single- 
stranded DNA binding polypeptide) can be delivered, for example, as purified 
polypeptides. If introduced as purified polypeptides, the HSV recombinase can be 
purified by methods as described previously herein. Entry of the purified polypeptides 
into a host cell can be mediated, for example, by a liposmal delivery method. 

[0077] Alternatively, the HSV recombinase (an HSV alkaline nuclease and/or 
single-stranded DNA binding polypeptide) can be expressed in the host cell using a 
DNA vector suitable for the particular host cell. Suitable vectors for the expression of 
the HSV recombinase in a host cell are those vectors suitable for gene therapy 
applications and that allow for protein expression. The polynucleotides encoding the 
alkaline nuclease and the single stranded DNA binding protein can be present on the 
same or different vectors. The HSV recombinase can be introduced into the cell on 
the same or on a different vector than the donor DNA. 

[0078] The donor polynucleotide comprises a first donor homology region at a 
first end, a second donor homology region at a second end, and an exogenous 
sequence therebetween. The length of the first and second donor homology regions 
can be selected on the basis of the sequence homology and complexity of the donor 
polynucleotide and the target polynucleotide. The first and second donor homology 
regions can comprise greater than or equal to about 15 nucleotides, preferably greater 
than or equal to about 25 nucleotides, and more preferably greater than or equal to 
about 100 nucleotides. The first and second donor homology regions can comprise 
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less than or equal to about 2,000 nucleotides, preferably less than or equal to about 
1,000 nucleotides, and more preferably less than or equal to about 500 nucleotides. 

[0079] The exogenous sequence of the donor polynucleotide can be a 
polynucleotide that encodes an endogenous DNA sequence in the organism being 
treated with gene therapy. As used herein, endogenous gene refers to the gene to be 
treated (i.e., targeted) with gene therapy. The endogenous (i.e., targeted) DNA 
sequence can be, for example, a gene that encodes a polypeptide such as an enzyme, a 
structural protein, a soluble protein, and the like; or a regulatory DNA sequence such 
as promoters, transcriptional and translational start sequences, repetitive sequences, 
and the like. 

[0080] The exogenous sequence of the donor DNA can be modified in many 
ways, including gene disruptions and alterations. The endogenous gene may be 
disrupted in a variety of ways. As used herein, disruption means a change in the 
coding sequence of a gene that results in an alteration in the transcription or 
translation of the gene. In general, disruption can occur by the insertion, deletion, or 
frameshifting of nucleotides. Alterations of an endogenous gene can include 
nucleotide substitutions that affect either the regulatory sequences, coding sequences, 
or noncoding sequences (such as, for example, introns) of the gene. 

[0081] The exogenous sequence can comprise an insertion sequence. The 
term insertion sequence refers to one or more nucleotides that are inserted into an 
endogenous gene to disrupt it. Insertion sequences can be as short as about one 
nucleotide to as long as about the length of a gene. For insertion less than the length 
of a gene, preferred insertions comprise greater than or equal to about 1 nucleotide, 
with about 1 to about 50 nucleotides preferred, and about 10 to about 25 nucleotides 
more preferred. The insertion may comprise a polylinker sequence that is greater than 
or equal to about 1 nucleotide, with about 1 to about 50 nucleotides preferred, and 
about 10 to about 25 nucleotides more preferred. 

[0082] The insertion sequence can comprise a gene that not only disrupts the 
endogenous gene, but can also result in the production of a new gene product. Thus, 
the disruption of the endogenous gene can be done in a manner to allow transcription 
and translation of the exogenous sequence of the donor polynucleotide. An insertion 
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sequence that encodes a gene can comprise, for example, about 50 to about 5,000 base 
pairs of cDNA or about 5,000 to about 50,000 base pairs of genomic DNA. The 
insertion sequence in the exogenous DNA can be inserted into the endogenous DNA 
sequence in such a manner as to utilize endogenous regulatory sequences, including, 
but not limited to, promoters, enhancers, and the like. Alternatively, the insertion 
sequence of the exogenous sequence can include at least one regulatory sequence such 
as promoters, enhancers, and the like. 

[0083] The insertion sequence can thus be a gene that encodes a polypeptide 
of therapeutic interest. The insertion sequence can comprise a sequence that encodes 
a polypeptide with biological activity, for example, a gene encoding an enzyme that 
has enzymatic activity. As used herein, a biologically active polypeptide is a 
polypeptide, that when expressed in a host eukaryotic cell, is in a form expected to 
result in its biological function. Alternatively, the target sequence can encode other 
polypeptides, such as, for example, antibodies or structural proteins. 

[0084] The insertion sequence can be a modified or variant gene, i.e., a 
sequence that contains a mutation from the endogenous sequence. As such, the 
modified gene can contain a mutation that restores activity to an endogenous gene that 
produces a polypeptide lacking activity. Alternatively, the modified gene can 
comprise a mutation that increases or otherwise improves that activity of an 
endogenous gene product. 

[0085] Alternatively, the insertion sequence can comprise a reporter gene. 
Suitable reporter genes are those that encode detectable proteins such as luciferase; 
beta-galactosidase; the fluorescent proteins such as green fluorescent protein (GFP), 
blue fluorescent protein (BFP), yellow fluorescent protein (YFP) and red fluorescent 
protein (RFP); and the like. 

[0086] The exogenous sequence of the donor DNA can comprise a deletion. 
As used herein, deletion refers to removal of a portion of an endogenous gene. 
Deletions can be about 1 to about 100 nucleotides, with about 1 to about 25 
nucleotides preferred, although in some cases, deletions can be much larger and 
effectively result in the removal of a gene and/or its regulatory sequences. Deletions 
may be combined with insertions or other modified sequences. 
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[0087] The endogenous gene can also be altered by nucleotide substitutions, 
insertions, deletions that do not eliminate the biological function of a gene product, 
but rather alter it. The exogenous sequence can thus be used to alter gene function. 
For example, defective genes may be modified to produce an active gene product. 
Alternatively, defective regulatory sequences can be modified to produce active 
regulatory sequences. 

[0088] In some cases, it may be desirable to add exogenous DNA sequences, 
such as exogenous genes or extra copies of endogenous genes, to an organism. Cases 
where adding an exogenous gene include to alleviate disease states, for example by 
adding a wild type gene or to add copies of a therapeutic gene; to add therapeutic 
genes such as tumor suppressor genes (e.g., p53, Rbl, Wtl, NF1, NF2, and APC) or 
other therapeutic genes; or to produce gene products suitable for polypeptide 
production in vivo. 

[0089] When the endogenous gene is a structural gene, amino acid changes 
can be made as is known in the art. Substitutions, deletions, insertions or 
combinations thereof can be used to arrive at a modified gene product. Changes can 
be done with a few amino acids to minimally change the resulting polypeptide. Larger 
changes, however, can be made depending on the circumstances. 

[0090] The target polynucleotide comprises a first target homology region at a 
first end, a second target homology region at a second end, and an endogenous 
sequence therebetween. The length of the first and second target homology regions 
can be selected on the basis of the sequence homology and complexity of the donor 
polynucleotide and the target polynucleotide. The first and second target homology 
regions can comprise greater than or equal to about 15 nucleotides, preferably greater 
than or equal to about 25 nucleotides, and more preferably greater than or equal to 
about 100 nucleotides. The first and second target homology regions can comprise 
less than or equal to about 2000 nucleotides, preferably less than or equal to about 
1000 nucleotides, and more preferably less than or equal to about 500 nucleotides. 

[0091] The first donor homology region and the first target homology region 
can be substantially homologous. Similarly, the second donor homology region and 
the second target homology region can be substantially homologous. By substantially 
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similar, it is meant that the sequences have greater than or equal to about 70% 
sequence identity or complementarity, preferably greater than or equal to about 85% 
sequence identity or complementarity, and more preferably greater than or equal to 
about 90% sequence identity or complementarity. The substantial homology of the 
homology regions can facilitate heteroduplex formation during homologous 
recombination. 

[0092] For ex vivo gene therapy applications, the target polynucleotide can be 
isolated from a DNA sample such as genomic DNA, cDNA or mitochondrial DNA. 
The target polynucleotide can be isolated from a biological sample from a human or 
animal. The biological sample can comprise, for example, whole blood plasma, 
serum, skin, saliva, urine, lymph fluid, cells obtained from a biopsy aspirate, tissue 
culture cells, or media. The target polynucleotide alternatively is isolated from non- 
biological samples such as food or water. Methods of preparation and sequencing of 
DNA samples are well known in the art. Alternatively, the cell to be treated with ex 
vivo gene therapy may comprise the target polynucleotide. 

[0093] For in vivo gene therapy applications, the organism to be treated with 
gene therapy can comprise the target polynucleotide in its cells. 

[0094] In both in vivo and ex vivo gene therapy, the HS V recombinase and the 
donor polynucleotide can be inserted into cells using vectors that include, but are not 
limited to adenovirus, adenoma-associated virus, retrovirus vectors, and the like, in 
addition to other particles that introduce DNA into cells, such as liposomes. More 
complete descriptions of gene therapy vectors, especially retroviral vectors are 
contained in U.S. Patent Nos. 6,190,907; 6,140,111; 6,096,534; 5,741,486; and 
5,714,353 and in EP 0827545 which are incorporated herein by reference. 
Alternatively, techniques such as those described above may be utilized for the 
introduction of exogenous gene sequences into cells. For ex vivo gene therapy 
applications, the target polynucleotide can be introduced by similar methods. 

[0095] The donor DNA may be conjugated, either covalently or 
noncovalently, to a cell-uptake component by means well known in the art. The cell- 
uptake component can be made by incubating the donor polynucleotide with at least 
one lipid species and at least one protein species to form lipid-protein-polynucleotide 
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complexes. Lipid vesicles made according to W091/17424 and/or cationic 
lipidization (WO91/16024) or other forms of polynucleotide administration (EP 
465,529) can be used. 

[0096] In ex vivo gene therapy, cells can be removed from an organism, 
modified, and then returned to the organism. Cells can be removed from a variety of 
locations including, for example, from a selected tumor or from an affected organ. In 
addition, the cells can be non-tumorigenic cells, for example, dermal fibroblasts or 
peripheral blood leukocytes. If desired, particular fractions of cells such as a T cell 
subset or stem cells can also be specifically removed from the blood (see, for 
example, PCT WO 91/161 16). The HSV recombinase and the donor polynucleotide 
can then be contacted with the removed cells utilizing any of the above-described 
techniques, followed by the return of the cells to the organism, preferably to or within 
the vicinity of a tumor. The above-described methods can additionally comprise the 
steps of depleting fibroblasts or other non-contaminating tumor cells subsequent to 
removing tumor cells from a human, and/or the step of inactivating the cells, for 
example, by irradiation. 

[0097] For in vivo gene therapy, the HSV recombinase and the donor 
polynucleotide can be administered by means known in the art and can further 
comprise a pharmaceutical^ acceptable carrier. Pharmaceutically acceptable carriers 
include, but are not limited to, large, slowly metabolized macromolecules such as 
polypeptides, polysaccharides, polylactic acids, polyglycolic acids, polymeric amino 
acids, amino acid copolymers, inactive virus particles, and the like. Pharmaceutically 
acceptable salts can also be used in the composition, for example, mineral salts such 
as hydrochlorides, hydrobromides, phosphates, or sulfates, as well as the salts of 
organic acids such as acetates, proprionates, malonates, or benzoates. The 
composition can also contain liquids, such as water, saline, glycerol, and ethanol, as 
well as substances such as wetting agents, emulsifying agents, or pH buffering agents. 
Liposomes, such as those described in U.S. Pat No. 5,422,120, WO 95/13796, or EP 
524,968 Bl, can also be used as a carrier for the therapeutic composition. 

[0098] The HSV recombinase and donor polynucleotide can be prepared as an 
injectable liquid solution or suspension. However solid forms suitable for solution in, 
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or suspension in, liquid vehicles prior to injection can also be prepared. The 
composition can also be formulated into an enteric-coated tablet or gel capsule 
according to known methods in the art, such as those described in U.S. Patent No. 
4,853,230 and EP 225,189. Administration of the HSV recombinase and the donor 
polynucleotide can include local or systemic administration, including injection, oral 
administration, particle gun, catheterized administration, topical administration, and 
the like. 

[0099] Receptor-mediated targeted delivery of therapeutic compositions 
containing the HSV recombinase to specific tissues can also be used. Receptor- 
mediated DNA delivery techniques are described in, for example, Findeis et al. (1993) 
Trends in Biotechnol. 11: 202-05; Chiou et al. (1994) Gene Therapeutics: Methods 
and applications of Direct Gene Transfer (J. A. Wolff, ed.); Wu & Wu (1988) J. Biol 
Chem. 263: 621-24; Wu et al. (1994), J. Biol Chem. 269: 542-46; Zenke et al. (1990) 
Proc. Natl Acad. ScL U.S.A. 87: 3655-59; Wu et al. (1991) Biol Chem. 266: 338- 
42. 

[00100] In another embodiment, similar methods to the previously described 
ex vivo gene therapy methods can be used to produced modified host cells. The 
method of making modified host cells comprises delivering into a eukaryotic host cell 
an HSV recombinase and a donor polynucleotide as described above for the gene 
therapy method. The eukaryotic host cell can comprise the target polynucleotide. 
Alternatively, the target polynucleotide can also be delivered to the eukaryotic host 
cell. 

[00101] As with the gene therapy method, the donor polynucleotide can 
comprise an insertion sequence. The insertion sequence can be a modified or variant 
gene, i.e., a sequence that contains a mutation from the endogenous sequence. As 
such, the modified gene can contain a mutation that restores activity to an endogenous 
gene that produces a polypeptide lacking activity. Alternatively, the modified gene 
can comprise a mutation that increases or otherwise improves that activity of an 
endogenous gene product. Alternatively, the insertion sequence can comprise, for 
example, a reporter gene, a modified endogenous gene, a regulatory sequence or an 
exogenous gene. 



28 



UCT-0039 



[00 1 02] Suitable host cells for making modified host cells include prokaryotic 
and eukaryotic cells, such as, for example, bacteria, yeast, amphibian, and mammalian 
cells. Mammalian cell lines include, for example, HeLa and VERO cells. 

[00103] In another embodiment, the HSV recombinase can be used to make 
transgenic non-human animals. A transgenic non-human animal is one in which a 
heterologous DNA sequence is chromosomally integrated into the germ cells of the 
animal. The transgenic animal will also have the transgene integrated into the 
chromosomes of its somatic cells. Animals of species, including, but not limited to: 
amphibians, birds, mice, rats, rabbits, guinea pigs, pigs, micro-pigs, goats, and non- 
human primates, e.g., baboons, monkeys, chimpanzees, may be used to generate 
transgenic animals. Transgenic animals are particularly useful for the modification of 
disease alleles in a non-human animal. Sequence-modified non-human animals 
harboring a disease allele can provide useful models of human and veterinary 
diseases. Alternatively, homologous recombination can be used to provide non- 
human animals having disease alleles integrated into a non-human genome. Such 
animals can provide models of human genetic disease. 

[00104] The method of producing transgenic animals comprises introducing 
at least the HSV recombinase and a donor polynucleotide into an embryonic stem cell, 
a fertilized zygote, and the like. 

[00105] The HSV recombinase (an HSV alkaline nuclease and/or single- 
stranded DNA binding polypeptide) can be delivered, for example, as purified 
polypeptides. If introduced as purified polypeptides, the HSV recombinase can be 
purified by methods as described previously herein. Entry of the purified polypeptides 
into a host cell can be mediated, for example, by a liposmal delivery method. 

[00106] Alternatively, the HSV recombinase (an HSV alkaline nuclease 
and/or single-stranded DNA binding polypeptide) can be expressed in the host cell 
using a DNA vector suitable for the particular host cell. Suitable vectors for the 
expression of the HSV recombinase in a host cell are those vectors that allow for 
polypeptide expression in embryonic stem cells and zygotes. The alkaline nuclease 
and the single stranded DNA binding protein can be expressed on the same or 



29 



UCT-0039 



different vectors. The HSV recombinase can be introduced into the cell on the same 
or on a different vector than the donor DNA. 

[00107] The donor polynucleotide comprises a first donor homology region at 
a first end, a second donor homology region at a second end, and an exogenous 
sequence therebetween. The exogenous sequence can comprise, for example a wild- 
type or a mutant sequence of a human gene. 

[00108] The embryonic stem cell or zygote into which the donor 
polynucleotide is transferred will often comprise the target polynucleotide. The target 
polynucleotide comprises a first target homology region at a first end, a second target 
homology region at a second end, and an endogenous sequence therebetween. The 
length of the first and second homology regions can be selected on the basis of the 
sequence homology and complexity of the donor polynucleotide and the target 
polynucleotide. The first donor homology region and the first target homology region 
can be substantially homologous. Similarly, the second donor homology region and 
the second target homology region can be substantially similar. By substantially 
similar, it is meant that the sequences have greater than or equal to about 70% 
sequence identity or complementarity, preferably greater than or equal to about 85% 
sequence identity or complementarity, and more preferably greater than or equal to 
about 90% sequence identity or complementarity. The substantial homology of the 
homology regions can facilitate heteroduplex formation during homologous 
recombination. 

[00109] Techniques known in the art may be used to introduce the 
polynucleotides into animals to produce the founder line of animals. Such techniques 
include, but are not limited to: pronuclear microinjection (U.S. Patent.No. 4,873,191); 
retrovirus mediated gene transfer into germ lines (Van der Putten et al. (1985) Proc. 
Natl Acad. Sci. USA 82: 6148-6152); gene targeting in embryonic stem cells 
(Thompson et al. (1989) Cell 56: 313-321); electroporation of embryos (Lo (1983) 
Mol. Cell Biol 3: 1803-1814); and sperm-mediated gene transfer (Lavitrano et al. 
(1989) Cell 57: 717-723). For a review of such techniques, see Gordon (1989) Intl. 
Rev. Cytol. 115: 171-229. Non-human zygotes can be used, for example, as described 
in U.S. Patent No. 4,873,191. 
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[001 1 0] Transgenic mammals can be prepared in a number of ways. In order 
to achieve stable inheritance of the extra or exogenous DNA fragment, the integration 
event should occur in a cell type that can give rise to functional germ cells. Two 
animal cell types that can form germ cells and into which DNA can be introduced 
readily are fertilized egg cells (i.e., zygotes) and embryonic stem cells. Embryonic 
stem (ES) cells can be returned from in vitro culture to a "host" embryo where they 
become incorporated into the developing animal and can give rise to transgenic cells 
in all tissues, including germ cells. 

[001 1 1 ] Embryonic stem cells can be used to make the transgenic non-human 
animal. The embryonic stem cells are used for gene targeting and the resulting mutant 
cells can be used to create transgenic animals and animals carrying null or "knock- 
out" mutations. A "knock-out" mutation refers to the disruption of a gene of interest 
with a complete loss of function. In such so-called "knock-out" animals, there is 
inactivation of the gene of interest or altered gene expression, such that the animals 
can be useful to study the function of the gene of interest, thus providing animals 
models of human disease, which are otherwise not readily available through 
spontaneous, chemical or irradiation mutagenesis. The embryonic stem cells that 
contain the gene of interest integrated into their genome by the HSV recombinase can 
be transmitted to the germline of an animal, such as a mouse, by injection into an early 
cleavage stage embryo (e.g., blastocyst), or by aggregation with two morulae to 
produce a chimera. "Chimera" is a term of art intended to mean an embryo containing 
cells or tissues with two or more genotypes. Chimeras carrying the mutated or donor 
nucleic acid sequence in their germ cells are then bred to produce transgenic offspring 
that are entirely derived from the embryonic stem cells that carry the mutation. 
Genetic markers such as coat color in mice can be used to distinguished chimeras and 
animals derived entirely from embryonic stem cells. Experimental techniques for 
obtaining, propagating, cloning and injecting embryonic stem cells are well known in 
the art. The animals carrying mutated germ cells are then bred to produce transgenic 
offspring. 

[001 12] Generally, the embryonic stem cells (ES cells) used to produce the 
transgenic or knock-out animals will be of the same species as the transgenic or 
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knock-out animal to be generated. Thus for example, mouse embryonic stem cells 
will usually be used for generation of knock-out mice. 

[001 13] Embryonic stem cells (ES cells) are generated and maintained using 
methods well known to the skilled artisan such as those described by Doetschman et 
al. (1985) 7. Embryol Exp. Mol Biol 87:27-45. Many different lines of ES cells can 
be used, however, the line chosen is often selected for the ability of the cells to 
integrate into and become part of the germ line of a developing embryo so as to create 
germ line transmission of the knockout construct. Thus, ES cell lines believed to have 
this capability are particularly suitable for use herein. One mouse strain that can be 
used for production of ES cells, is the 129 J strain. Another ES cell line is murine cell 
line D3 (American Type Culture Collection, catalog no. CKL 1934). Still another ES 
cell line is the WW6 cell line (Ioffe et al. (1995) PNAS 92:7357-7361). The cells are 
cultured and prepared for donor polynucleotide insertion using methods well known to 
the skilled artisan, such as those set forth by Robertson in: Teratocarcinomas and 
Embryonic Stem Cells: A Practical Approach, E.J. Robertson, ed. IRL Press, 
Washington, D.C. [1987]); by Bradley et al. (1986) Current Topics in Devel Biol 20: 
357-371); and by Hogan et al. (Manipulating the Mouse Embryo: A Laboratory 
Manual, Cold Spring Harbor Laboratory Press, Cold Spring Harbor, N.Y. [1986]). 

[001 14] Another method for making transgenic animals is by zygote 
injection. This method is described, for example, in U.S. Patent No. 4,736,866. The 
method involves injecting DNA into a fertilized egg, or zygote, and then allowing the 
egg to develop in a pseudo-pregnant mother. The zygote can be obtained using male 
and female animals of the same strain or from male and female animals of different 
strains. The transgenic animal that is born is called a founder, and it is bred to 
produce more animals with the same DNA insertion. In this method of making 
transgenic animals, the new DNA integrates into the genome by a homologous 
recombination event. 

[001 15] Generally, the DNA is injected into one of the pronuclei, usually the 
larger male pronucleus. The zygotes are then either transferred the same day, or 
cultured overnight to form 2-cell embryos and then transferred into the oviducts of 
pseudo-pregnant females. The animals born are screened for the presence of the 



32 



UCT-0039 



desired integrated DNA. By a pseudo-pregnant female is intended a female in estrous 
who has mated with a vasectomized male; she is competent to receive embryos but 
does not contain any fertilized eggs. Pseudo-pregnant females are important for 
making transgenic animals since they serve as the surrogate mothers for embryos that 
have been injected with DNA or embryonic stem cells. 

[001 16] Transgenic animals such as mice, for example, may be used as test 
substrates for the identification of drugs, pharmaceuticals, therapies and interventions 
that can be used for the treatment of mammalian genetic disorders. 

EXAMPLES 

[00117] The invention is further illustrated by the following non-limiting 
examples. 

[001 18] EXAMPLE 1- Purification of UL12 and ICP8 

[001 19] The UL12 and UL12 D 340E proteins were purified as described 
(Goldstein, J.N. and Weller, S.W. (1998) Virology 244: 442-57). Briefly, UL12 was 
purified from Spodoptera frugiperda (Sf21) cells infected with recombinant 
baculovirus AcAN for wild-type and AcAN(HAla) and AcAN(HGlu) for the mutant 
strains. 

[00120] The UL12 D 34oe mutant protein is essentially devoid of exonuclease 
activity. Cells were collected 50 hours after infection, pelleted, quick-frozen, and 
stored at -75°C. Cells were resuspended in 40 milliliters of buffer A (10 mM Tris-Cl 
pH 7.5, 1 mM MgCk, 0.5 mM dithiothretol, 80 mM KC1,0.2% NP-40). Protease 
inhibitors (aprotinin, leupeptin, pepstatin A and phenylmethylsulfonyl fluoride) were 
added. Cells were incubated on ice for 10 minutes, then homogenized in a Dounce 
homogenizer. Nuclei were pelleted, and resuspended in 40 milliliters of Buffer A to 
extract nuclear proteins. The resuspension and pelleting was then repeated. The 
supernatants were combined to form an 80mL cytosolic extract which was clarified by 
centrifugation. The extract was precipitated with 30% ammonium sulfate, and the 
precipitate removed by centrifugation. The resulting supernatant was then 
precipitated with 55% ammonium sulfate, incubated for 1 hour at 10°C, and 
centrifuged. The supernatant was removed and recentrifuged to collect all of the 
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remaining precipitated protein. The pellets were resuspended in Buffer B (20 mM 
potassium phosphate, pH 8.0, 20% glycerol, 5 mM beta-mercaptoethanol) and 
dialyzed overnight against the same buffer. The dialyzed protein was centrifuged and 
then loaded on a Pharmacia HiLoad 16/10 SP-sepharose column equilibrated with 
Buffer B. The protein was eluted with a gradient of Buffer B to Buffer C (Buffer B 
but with 0.5 M potassium phosphate, pH 8.0). UL-12 fractions were pooled and 
concentrated. Following S-sepharose chromatography, the UL12 protein was further 
purified by gel filtration on a Superose-12 gel filtration column, or by a CHT-2 
hydroxyapatite column. The UL12 protein has an activity of 0.2 nanograms DNA 
degraded/minute/nanograms protein, assayed as the release of acid-soluble counts 
from a 3 H-E.coli DNA substrate under conditions optimal for UL12 nuclease activity 
(Goldstein, J.N. and Weller, S.W. (1998) Virology 244: 442-57). The nuclease 
activity of UL12 at standard strand exchange assay conditions (see below) was found 
to be 0.06 nanograms DNA degraded/minute/nanograms protein. 

[00121] ICP8 was purified from Spodoptera frugiperda (Sf21) cells infected 
with recombinant baculovirus AcUL29 (Stow, N.D. (1992), J. Gen. Virol. 73: 313-21). 
Cells were collected 3 days after infection, pelleted, quick-frozen, and stored at -80°C. 
Three grams of frozen cells (wet weight) were resuspended in 30 milliliters of 
swelling buffer (10 mM Tris-Cl pH 7.5, 10 mM KC1, 1.5 mM MgCb) with 200 
microliter of Sigma protease inhibitor cocktail. Cells were incubated on ice for 30 
minutes, then homogenized in a Dounce homogenizer. Nuclei were pelleted, and 
resuspended in 20 milliliters of extraction buffer (swelling buffer with 1 .2 M NaCl 
and protease inhibitors) to extract nuclear proteins. After a 40 minute incubation on 
ice, the mixture was centrifuged for 40 minutes (30,000 rpm at 4°C in a Beckmann 
Ti70 rotor). The supernatant was dialyzed against 1 .5 liter buffer A (20 mM Hepes 
pH 7.5, 10% glycerol (weight/volume), 0.1 mM NaCl, 0.1 mM EDTA, 1 mM DTT) 
for 16 hours at 4°C. During dialysis, a white precipitate formed which was removed 
by centrifugation and by filtration through a Millex-HV low protein binding 0.45 
micrometer syringe filter (Millipore). The cleared extract was loaded onto an SP 
sepharose HiLoad 16/10 column (Pharmacia) using buffer A, and washed with three 
column volumes of buffer A. The protein was eluted using a linear gradient from 0. 1 - 
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lMNaCl over 50 milliliters. ICP8 eluted at 0.3-0.4 M NaCl. The ICP8 peak 
fractions were pooled, and dialyzed against 1.5 liter of 20 mM Hepes pH 7.5, 10% 
glycerol (weight/volume), 0.5 mM EDTA, 0.5 mM DTT. The protein concentration 
was determined by the Bradford method and by UV absorbance at 280 nanometers 
(extinction coefficient 82,720 M^cm" 1 ). The protein concentration was 1.8 
milligrams/milliliter (12.6 milligrams total yield) by both methods. The purity of the 
protein as estimated by Coomassie brilliant blue-stained gels was 95%. A nuclease 
assay (described below) was used to determine whether the purified ICP8 had any 
nuclease contaminants. The specific nuclease activity was found to be 8.6 x 10" 6 
nanograms DNA released/minute/nanograms protein. Thus, the nuclease 
contamination of the ICP8 preparation was negligible. 

EXAMPLE 2- Strand exchange activity of UL12 and ICP8 

[00122] An agarose gel-based strand exchange assay was used to test the 
ability of UL12 and ICP8 to promote strand exchange in vitro between linear double- 
stranded (ds) and circular single-stranded (ss) M13mpl8 DNA. M13mpl8 RF DNA 
was digested with BsrGl and gel purified. The purified DNA fragment was end- 
labeled by the exchange reaction, using T4 polynucleotide kinase, [a- 32 P] ATP, and 
the exchange reaction buffer supplied by the manufacturer. The labeled fragment was 
then re-ligated with T4 DNA ligase, and then cleaved by Pstl. The labeled 7.25 
kilobase fragment (full-length Ml 3) was gel -purified. 

[00123] The double stranded DNA substrate was internally labeled at a single 
site, on both strands of the molecule. This 7.25 kilobase fragment had [ 32 P]-labeled 
nucleotides positioned 5.25 kilobases from the 5' end of the pairing strand, and 2 
kilobases from the 5' end of the strand that would be displaced or degraded during 
strand exchange (see Fig. 1, top line). The asterisk marks the internal [ 32 P] label. 
Since UL12 is a 5' to 3' exonuclease, it was important to position the label at a 
distance from the 5' end. The internal location of the label also prevented its loss to 
any potential 3' to 5' exonuclease contaminants in the protein preparations. In 
addition, since each strand had only one labeled nucleotide, this simplified 
quantification of the products of the reaction. 
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[00124] The strand exchange reaction was carried out in a final volume of 20 
microliters and consisted of: 100 nanograms of circular single-stranded M13mpl8 
DNA (2 nM), 100 nanograms linear [ 32 P]-labeled double-stranded M13mpl8 (1 nM), 
18.8 nanograms UL12 (13.9 nM), 4.5 micrograms ICP8 (1.75 ^M), 20 mM Tris-Cl 
pH 7.5, 40 mM NaCl, 1 mM MgCh, and 1 mM DTT, or as indicated in the figure 
legends. The reaction mixture was incubated at 37°C for the times indicated in the 
figure legends and stopped by adding 5 microliters of 5x stop buffer (50% glycerol, 50 
mM EDTA, 1% SDS, 0.2 % bromphenol blue). Samples were electrophoresed on a 
1% agarose gel with 0.7 micrograms/milliliter ethidium bromide, using TAE buffer 
(0.04 M Tris-acetate, 0.001 M EDTA). Gels were dried and exposed to 
phosphorimager screens (NationalDiagnostics). The ImageQuant version 5.0 software 
package was used for quantification of the results. 

[00125] Strand exchange catalyzed by UL12 and ICP8 is shown in Figures 2 
and 3. Strand exchange reactions were carried out using the [ 32 P]-labeled linear Ml 3 
dsDNA (double-stranded DNA) and unlabeled circular Ml 3 ssDNA (single-stranded 
DNA) substrates. Figure 2 is a photograph of an ethidium bromide stained agarose 
gel. Figure 3 is a phosphorimage of the same experiment. The percent radioactivity 
remaining in each lane, compared to the control lane, is indicated. Incubations were at 
37°C for the times indicated. Lane 1 is a control reaction with no proteins added; lane 
2 is a strand exchange with ICP8 alone; lane 3 is a strand exchange with UL12 alone; 
lanes 4-12, are strand exchange by UL12 and ICP8. Jm, joint molecules; ds, double- 
stranded linear Ml 3 DNA; ss, single-stranded circular Ml 3 DNA. 

[00126] Upon incubation of UL12 and ICP8 with the DNA substrates, joint 
molecules were formed (Figs. 2 and 3, lanes 5-12). The simplest explanation for the 
slower migrating forms seen in Figure 2 is that they represent joint molecules which 
result from a strand exchange reaction. Little or no slower migrating forms were 
observed when double stranded DNA was incubated alone with UL12 and ICP8 (data 
not shown). Incubation of ICP8 alone with the DNA substrates did not lead to 
formation of joint molecules, even after an 80 minute incubation (Figs. 2 and 3, lane 
2). Similarly, joint molecules were not observed with UL12. Incubation with UL12 
alone merely led to the gradual degradation of the DNA substrates (Figs. 2 and 3, lane 
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3 and data not shown). The reaction products demonstrated the same mobility 
whether they were loaded onto the gel using a buffer containing SDS (as in Figs. 2-7) 
or whether they were treated with proteinase K prior to loading (data not shown). 
Therefore, the slowly migrating products were not the result of protein-DNA 
complexes with retarded mobility on agarose gels. When a loading buffer without 
SDS was used, most of the DNA failed to exit the well. This indicates that protein- 
DNA complexes formed during the assay are disrupted by the SDS loading buffer 
(data not shown). 

[00127] The progression of the strand exchange reaction over time is shown 
in Figures 2 and 3. During the reaction, two species of reaction products are 
produced: a slowly migrating species consisting of joint molecules, and a rapidly 
migrating species. The joint molecules produced are a heterogeneous population, 
probably including sigma, alpha, and possibly gapped circular forms, as shown in 
Figure 1 . The early joint molecule products migrate more slowly than those from later 
time points, reflecting the higher percentage of sigma forms with long tails assumed to 
be present at this stage. The expected products of a complete strand exchange 
reaction would be a gapped circle and a displaced linear single strand. In order to 
determine whether the expected gapped circles were produced, we compared the 
migration of the strand exchange products to the migration of known DNA controls 

[00128] In Figure 4, the strand exchange products are compared to DNA 
controls. Strand exchange was performed using the [ 32 P]-labeled double-stranded 
DNA and unlabeled single-stranded DNA substrates. Lane 1 is a control reaction with 
no proteins added (40 minute incubation); lanes 2 and 3 are strand exchange with 
ICP8 and UL12 (20 and 40 minute time points, respectively). Lanes 4-7 represent 
various DNA-only controls. DNAs (double-stranded only in lanes 4-5, both double- 
stranded and single-stranded in lanes 6-7) were boiled for 2 min in strand exchange 
buffer and either quickly cooled on ice (lanes 4 and 6), or slowly cooled to allow 
strands to reanneal (lanes 5 and 7). Nicked circular, linear double-stranded, and linear 
single-stranded forms are produced when the two DNA substrates are boiled and 
allowed to reanneal slowly (Fig. 4, lane 7). The joint molecules produced after 40 
minutes of incubation with ICP8 and UL12 (Fig.4, lane 3) migrate similarly to the 
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nicked circle (jm) seen in lane 7, suggesting that some strand exchange reactions have 
gone to completion. The expected products of a complete strand exchange reaction 
would be a gapped circle and a displaced linear single strand. 

[00129] The second expected product of a complete strand exchange reaction 
is a displaced single strand. The displaced single strand should migrate rapidly, and 
therefore the rapidly migrating strand exchange products were investigated to see if 
such a displaced strand could be detected. At early time points (Fig. 2, lanes 5-7, and 
Fig. 4, lane 2), the fast-migrating band is found at a position between the original 
double-stranded substrate and the single-stranded DNA. Therefore, it appears to 
represent linear double-stranded DNA that has been shortened by the UL12 nuclease. 
At later time points, the fast-migrating species is found at the same position as the 
single-stranded DNA (Fig. 2, lanes 8-12, and Fig. 4, lane 3). This band could 
represent double-stranded DNA that was shortened further, or single-stranded DNA 
that was displaced during strand exchange. 

[00130] In order to investigate these possibilities, the dsDNA substrate and 
products of the strand exchange reaction were isolated. The results are shown in 
Figure 5. Strand exchange reactions were performed as in the experiment shown in 
Figure 4, but were electrophoresed on a 1% low-melt agarose gel Three gel slices 
were cut from each lane: A, containing joint molecules; B, containing remaining ds 
substrate; and C, containing low molecular weight products. The positions of A, B, 
and C gel slices are indicated in Figure 5. The gel slices were melted at 65°C and 
divided into two portions. One portion was loaded directly into the well of a second 
1% agarose gel. The other portion was boiled for 2 minutes prior to loading. 
Electrophoresis was performed as for the strand exchange assay. Jm, joint molecules; 
ds, double-stranded DNA; ss, single-stranded DNA. This procedure was effective at 
separating the strands, as shown by the migration of the double-stranded DNA 
substrate (IB) with and without boiling (Fig.5, lanes 8-9). The DNA strands of the 
various reaction products were also separated by boiling. Boiling of the joint 
molecule products (2A and 3 A) released the strands that were paired with the circular 
ssDNA (Fig. 5, lanes 1 1 and 1 7). We can see that the pairing strands are shortened 
over time (compare lanes 1 1 to 17), most likely due to UL12 digestion. Interestingly, 
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when the joint molecule products (Fig. 5, lanes 10 and 16) were run on the gel, a 
portion of the DNA did not exit the well. It is presumed that this is because when the 
gel slices were melted at 65°C, the DNA strands of the joint molecules were able to 
"breathe", allowing for reannealing between joint molecule species creating a 
complex which was unable to enter the gel. This complex was disrupted by boiling, 
as no DNA is evident in the wells when the joint molecules were boiled (Fig. 5, lanes 
1 1 and 17). This experiment also demonstrates that the rapidly-migrating species (2C) 
from the 20 min reaction is double-stranded, as the migration pattern changes after 
boiling (Fig. 5, lanes 14-15). This fragment is most likely made up of double-stranded 
substrate molecules that were shortened by UL12. In contrast, the rapidly-migrating 
species (3C) from the 40 minutes reaction appears to be single-stranded, since its 
migration is unchanged by boiling (Fig. 5, lanes 20-21). We thus believe that this 
rapidly-migrating species is the displaced single strand. This result suggests that after 
40 minutes of incubation, some of the strand exchange reactions have gone to 
completion, forming a gapped circular molecule and a displaced single strand. 

EXAMPLE 3- Validation of identity of displaced strand 

[0013 1] To further validate the identity of the displaced strand, the strand 
exchange reaction was analyzed by using a Southern blot (Fig. 6). Strand exchange 
assays were performed and loaded onto 1% agarose gels. Following electrophoresis, 
the DNA was blotted onto GeneScreen Plus membranes (Dupont) according to the 
manufacturer's suggested protocols. The oligonucleotide probes used to detect the 
Ml 3 DNA strands were end-labeled with T4 polynucleotide kinase and [y- 32 P] ATP, 
using the "forward" reaction buffer supplied by the manufacturer (Life Technologies). 
The sequences of the two probes are as follows: SEQ ID NO:5 
5'GTCGGTGACGGTGATAATTCACCTTTAATG, for detection of the pairing, or 
"minus" strand; and SEQ ID NO:6 

5'CATTAAAGGTGAATTATCACCGTCACCGAC, for detection of the displaced, 
or "plus" strand. 

[00132] Reactions were performed using unlabeled substrates, and duplicate 
samples originating from the same tubes (with the exception of lanes 7-8), were 
loaded on a single agarose gel. The two halves of the membrane were probed with 
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[ P]-end labeled oligonucleotide probes, corresponding to nucleotides 2616-2645 of 
M13mpl8, a position that is equidistant from the two ends of the Pstl-cut Ml 3 
dsDNA. The left side of the membrane (Fig. 6, lanes 1-5) was probed with the 
oligonucleotide probe recognizing the pairing (minus) strand, while the right side (Fig. 
6, lanes 6-12) was probed with the oligonucleotide recognizing the single-stranded 
Ml 3 circular DNA and the displaced strand (plus strand). Both probes hybridized 
with the slowly-migrating strand exchange products. The rapidly migrating species 
seen after 40 minutes of incubation was only recognized by the "displaced strand" 
probe (Fig. 6, marked with an arrow). Therefore, this species is not likely to be a 
double-stranded DNA fragment shortened by UL12 action, because then both probes 
should have recognized it. Furthermore, the putative displaced strand does not appear 
to be degraded single-stranded DNA substrate, because similar bands are not seen 
when UL12 and ICP8 are incubated with the single-stranded substrate alone (Fig. 6, 
lanes 7-8). The displaced strand is less intense in the 50 and 60 minute time points 
(Fig. 6, lanes 1 1-12) presumably due to degradation by UL12. Taken together, these 
data indicate that UL12 and ICP8 mediate a true strand exchange reaction, one that 
includes both annealing and displacement. 

EXAMPLE 4- Conditions for strand exchange and UL12 nuclease activity 

[00 1 33] Strand exchange by UL1 2/ICP8 and UL1 2 nuclease activity were 
assayed under different conditions of pH, Na + , and Mg 2+ concentration, and the results 
are presented in Figure 7. Nuclease activity was measured as follows. Total 
unlabeled chromosomal DNA from E.coli was isolated from late log-phase UT481 
cells by phenol extraction and ethanol precipitation essentially. [Thymidine-methyl- 
3 H]-DNA (E.coli) was mixed with unlabeled chromosomal E. coli DNA to provide a 
substrate with the desired specific radioactivity. The nuclease assay was performed in 
a 50 microliters volume, with 250 nanograms [ 3 H]-DNA as the substrate. UL12 (47 
nanograms, 13.9 nM) and ICP8 (1 1.25 micrograms, 1.75 jiM) were assayed for 
nuclease using the same concentrations of these proteins and the same assay buffer as 
were used in the strand exchange assay. Reactions were incubated 10 minutes at 
37°C, then stopped with 150 microliters of 0.5% yeast RNA and 200 microliters of 
20% (wt/vol) trichloroacetic acid. After 10 minutes on ice, samples were centrifuged 
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for 10 minutes at 14,000 x g, and radioactivity in 200 microliters of the supernatant 
fraction was determined by scintillation counting. Results presented are averages of 
duplicate determinations. 

[001 34] The extent of strand exchange was determined by measuring the 
amount of DNA that had migrated as a high molecular weight species at 20 minutes of 
incubation. In Figure 7, open circles show strand exchange; closed squares show 
nuclease activity. Unless indicated otherwise, the conditions were pH 7.5, 1 mM 
MgCl2, and 40 mM NaCl. Strand exchange assays were incubated for 20 minutes. 
Percent strand exchange was calculated as the percentage of radioactivity in joint- 
molecule products out of the total radioactivity in the lane. Nuclease activity of UL12 
was assayed using the [ 3 H]-E.coli DNA substrate and is represented as the amount of 
DNA (in nanograms) digested by 47 nanograms UL12 (13.9 nM) in a 10 minute assay 
at 37°C. The results show a correlation of high strand exchange activity with 
moderate UL12 nuclease activity. The UL12 nuclease, also known as the alkaline 
nuclease, exhibits a pH optimum of 9-10. Strand exchange activity was highest at pH 
7.5-8.5, a pH range that supported an intermediate amount of UL12 nuclease activity. 
At pH levels below 7.5, both the nuclease and strand exchange activities were 
abrogated. This was not a buffer effect, as nuclease activity and strand exchange were 
the same whether Hepes or Tris buffers were used at pH 7.5 (data not shown). At 
high NaCl concentrations, both UL12 nuclease activity and strand exchange were 
inhibited. In contrast, although UL12 nuclease was active in the absence of NaCl, 
strand exchange was not observed in the absence of NaCl. UL12 nuclease activity is 
optimal at higher magnesium concentrations. However, at these concentrations, more 
of the double-stranded substrate was degraded than exchanged (Figure 6 and data not 
shown). In the absence of magnesium, UL12 nuclease was inactive, and strand 
exchange did not occur. Optimal strand exchange was achieved at low magnesium 
concentrations, which allowed for a moderate amount of UL12 nuclease activity. Low 
magnesium concentrations also promote branch migration, which would be expected 
to potentiate strand exchange. The optimal conditions for strand exchange were 
intermediate between the optima for strand melting and strand annealing by ICP8. For 
true strand exchange to occur, ICP8 must be able to mediate both strand melting and 
strand annealing. The ICP8 annealing activity is optimal at 6mM MgCh and 80 mM 
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NaCl, and is significantly reduced at low levels of MgCh and NaCl. In contrast, the 
ICP8 helix destabilizing activity is highest at low MgCh levels (0-lmM) and in the 
total absence of salt. Both strand-melting and strand-annealing activities of ICP8 are 
functional at pH 7-9. Thus, the conditions found to be optimal for strand exchange 
were those that allowed for moderate levels of all three activities involved in this 
reaction: nuclease, strand melting, and strand annealing. 

[00 135] In other experiments, the ability of either manganese or zinc to 
replace magnesium in the strand exchange assay was tested. Manganese could 
support some strand exchange, but zinc could not (data not shown). This is consistent 
with previous reports on the effect of divalent cations on UL12 activity. In addition, 
ATP was not required for strand exchange, nor did it enhance the activity (data not 
shown). 

[00136] The double stranded fragment in the standard strand exchange assay 
was cut with Pstl, which leaves four-base 3' overhangs. In order to test whether the 
nature of the double-stranded end was important in the reaction, double-stranded 
substrates that had been cut with Smal, which leaves blunt ends, and BamlU, which 
leaves four base 5' overhangs were used. Since all three sites are clustered in the 
polylinker region of M13mpl8, any differences between them should be attributable 
to the nature of the end, and not to local sequence context. No differences were noted 
in the ability of UL12/ICP8 to promote strand exchange using substrates with the 
different types of overhanging ends (data not shown). In order to make the assay more 
sensitive, a competition experiment was used. The strand exchange assay was 
performed using a mixture of [ 32 P] -labeled Pstl - cut dsDNA (50 nanograms) and 
unlabeled dsDNA (125 nanograms), cut with either Pstl, BamUl, or Smal. If the new 
substrates are utilized either more or less efficiently than the Pstl cut substrate, a 
change in the amount of labeled Pstl substrate that undergoes strand exchange would 
be expected. Neither of the new substrates caused a change, suggesting that the three 
substrates were utilized equally (data not shown). 

[00137] For complete coverage of the 100 nanograms of single-stranded Ml 3 
DNA used in the strand exchange assay, 3.7 micrograms of ICP8 are required (15, 
40). The assays were done with a slight excess (4.5 micrograms) over this minimal 
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amount. Figure 8 shows a titration of single-stranded DNA and ICP8 in the strand 
exchange reaction. Strand exchange reactions were performed with 20 minute 
incubations. UL12 and double-stranded DNA were added according to standard 
conditions, while the amounts of single-stranded DNA and ICP8 used are indicated in 
the figure. A photograph of the ethidium bromide-stained gel is shown. Lanes 1-2 are 
no protein controls. Jm, joint molecules; ds, double-stranded DNA; ss, single- 
stranded DNA. When increasing amounts of single-stranded DNA were added to the 
strand exchange assay, such that the amount of ICP8 was insufficient for full 
coverage, strand exchange was reduced accordingly (Figure 8, lanes 6-8). When the 
amount of ICP8 was increased to correlate with the increases in single stranded DNA 
(Figure 8, lanes 9-14), strand exchange was restored. Therefore, efficient strand 
exchange appeared to require stoichiometric amounts of ICP8. This experiment also 
demonstrates that moderate excess of ICP8 does not inhibit strand exchange (Figure 8, 
lane 3). 

EXAMPLE 5- Active UL12 is required for strand exchange 

[00138] A mutant UL12 protein, UL12 D340E, was previously purified and 
characterized (Goldstein, J.N. and Weller, S.W. (1998) Virology 244: 442-57). This 
protein has a single point mutation that has eliminated its exonuclease activity. The 
experiment is shown in Figure 9. In lanes 1-3, strand exchange was carried out with 
4.5 micrograms ICP8, 18.8 nanograms UL12, and 20 nanograms UL12 D 34oe , as 
indicated. Reactions were incubated for 20 minutes at 37°C. In lanes 4-11, strand 
exchange was performed using pretreated double-stranded substrates. The pretreated 
substrates were prepared as follows: the Pstl-cut Ml 3 dsDNA substrate was incubated 
in strand exchange buffer for 20 minutes at 37°C either with or without UL12, under 
strand exchange conditions (18.8 nanograms UL 12 per 100 nanograms dsDNA). The 
reaction was heat-inactivated 10 minutes at 65°C, and the DNA was 
phenol/chloroform extracted and ethanol precipitated. This pretreated DNA was then 
used in a standard strand exchange assay, with the amounts of protein as indicated 
above. Reactions were incubated for 20 minutes at 37°C. 

[00139] When included in the strand exchange assay, the mutant protein was 
unable to promote strand exchange (Fig. 9, lane 3), both at the standard UL12 
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concentration (Fig. 9) and when present at ten times the standard concentration (data 
not shown). This deficiency cannot be attributable to a global effect of the mutation 
on UL12, as the mutant protein still retains certain activities. Excess mutant protein 
was able to inhibit wild-type UL12, both in the strand exchange assay, and in the 
nuclease assay (data not shown). The mechanism of inhibition is probably through 
competition for the DNA substrate, as the inhibition of the nuclease activity was seen 
only at low substrate DNA concentrations (data not shown). 

[00140] The model for strand exchange outlined in Figure 1 proposes that the 
first step involves the digestion of the double-stranded DNA by UL12, revealing a 3' 
single-stranded DNA tail that is later annealed by ICP8 to the circular single stranded 
DNA. This model predicts that the two events could be separated and yet still lead to 
strand exchange. Specifically, it suggests that ICP8 could mediate strand exchange of 
DNA that had been preresected by UL12. In order to test this possibility, DNA was 
incubated with or without UL12 for 20 minutes under standard assay conditions. The 
treated DNA was re-purified, and subjected to strand exchange. Nuclease SI analysis 
of the preresected substrates indicated that UL12 had removed approximately 2000 
bases (data not shown). Figure 9 shows that even when the double-stranded DNA was 
preresected by UL12, strand exchange occurred only when both UL12 and ICP8 were 
present together. ICP8 alone could not effect strand exchange (lane 9), and mutant 
UL12 could not substitute for wild-type UL12, even with preresected DNA (lane 1 1). 
This was tested at both high and low concentrations of the mutant protein (Fig. 9 and 
data not shown). Together, these data indicate that strand exchange mediated by ICP8 
requires the presence and activity of the UL12 nuclease. 

[00141] The data presented demonstrate that the HSV-1 alkaline nuclease 
(UL12) and single-strand DNA binding polypeptide (ICP8) work together to carry out 
a strand exchange reaction. This reaction requires both proteins for strand exchange 
to occur. The activities shown here for UL12/ICP8 suggest that it may be a member 
of the family of two component viral recombinases comprised of an alkaline 
exonuclease and an associated single-stranded DNA annealing protein. This family of 
proteins can mediate strand exchange in the absence of a high-energy cofactor. 
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[00142] With regard to HSV-1, recombination occurring during replication of 
HSV-1 DNA could be of several types. A strand-annealing mechanism could be used 
by the virus to generate genomic concatemers. Since the HSV-1 genome has direct 
repeats at its ends, concatemerization through single-strand annealing could proceed 
through a mechanism similar to that used by bacteriophage lambda. UL1 2/ICP8 
could potentially be the mediator of such a mechanism. Another intriguing possibility 
is that strand invasion could be used by HSV-1 to prime DNA replication. 
Alternatively, because the HSV-1 DNA contains numerous gaps, it is possible that 
DNA replication could be primed by an invading strand annealing to a single-stranded 
gapped region without requiring true "invasion". The HSV-1 helicase-primase 
complex was shown to participate with ICP8 in mediating a strand exchange reaction 
that uses resected substrates. The ability of the HSV-1 proteins UL12, ICP8 and the 
helicase-primase to participate in strand transfer reactions is interesting in light of the 
tight linkage between DNA replication and recombination in this virus. 

[00143] The HSV recombinase is particularly useful in methods of 
homologous recombination in eukaryotic systems, particularly in cases where the size 
of the polynucleotide is large (e.g., a mammalian gene, for example). The HSV 
recombinase can be used in methods of performing homologous recombination 
between a donor polynucleotide and a target polynucleotide. The HSV recombinase 
can be part of a cloning kit, for example. Such cloning kits are particularly useful 
when the donor polynucleotide comprises a human gene. Other methods include 
methods of treating host cells and methods of treating an organism in, for example, 
gene therapy applications. The HSV recombinase can also be used to make transgenic 
non-human animals. The HSV recombinase can also be used in methods of 
modifying host cells. Because the HSV recombinase is from a virus that infects 
eukaryotes, the recombinase should be more efficient in recombination involving 
mammalian genes than the previously studied bacterial recombinases. In addition, the 
ability of the HSV recombinase to participate in homologous recombination instead of 
site-specific recombination allows targeting to virtually any desired DNA sequence. 

[00144] While the invention has been described with reference to a preferred 
embodiment, it will be understood by those skilled in the art that various changes may 
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be made and equivalents may be substituted for elements thereof without departing 
from the scope of the invention. In addition, many modifications may be made to 
adapt a particular situation or material to the teachings of the invention without 
departing from essential scope thereof. Therefore, it is intended that the invention not 
be limited to the particular embodiment disclosed as the best mode contemplated for 
carrying out this invention, but that the invention will include all embodiments falling 
within the scope of the appended claims. 

[00145] All cited patents, patent applications, and other references are 
incorporated herein by reference in their entirety. 
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